Objectives-The aim of this study was to analyse inequalities in the use of dental care services according to socio-economic position (SEP) in individuals aged ≥50 years in European countries in 2006, and to examine the association between the degree of public coverage of dental services and the extent of inequalities, and specifically to determine whether countries with higher public health coverage show lower inequalities.
INTRODUCTION
Oral health is a condition in which people can speak, eat and socialize without active (oral) disease, discomfort or embarrassment (1) . While having good levels of oral health is important in itself, it has also been linked to general health (2) . However, levels of oral health are not equally distributed throughout the population, as there are inequalities in terms of socio-economic position (SEP), with people of disadvantaged SEP being more likely to have poorer outcomes in all oral health conditions (1, 3) . These inequalities are mediated by certain health-related behaviours such as having a balanced diet, smoking or alcohol consumption (1, 4) . In contrast, the role attributable to dental services in these inequalities is not entirely clear.
Dentist visits seem to be a determinant of oral health, at least when carried out on a regular basis (5, 6) . However, SEP inequalities in the use of dental care services have also been described, with socio-economically advantaged people being more likely to have seen a dentist (7, 8) . Thus, socio-economically disadvantaged people not only have greater needs of dental care, but also make less use of it, exacerbating existing inequalities.
In terms of oral health, older people are also a particularly vulnerable group, since the incidence of oral diseases increases with age and has a disproportionate effect in older age groups (1) . In addition, their ability to pay is usually reduced and the costs of dental treatment, which are usually high, may represent an unacceptable burden for them.
In general, access to dental care services seems to be limited by the high costs of care and treatment, and in this regard, public funding of dental care provides a means of overcoming the divergence between ability to pay and need for care (9) . However, it appears that health care systems are increasingly excluding dental care from their benefits packages (10) . Within Europe the degree of public coverage of dental care in the adult population varies, with countries like Spain covering only tooth extractions, whereas in Sweden all types of treatment are subsidized and a special high-cost protection system is in place for individuals aged ≥65 years (11) . The variability that exists in Europe with regard to coverage of public dental services provides the opportunity to assess whether or not inequalities in the use of dental care services are lower in countries that have higher levels of public dental coverage. This issue is currently highly relevant because the present financial situation has led governments to make cuts in public health care systems, even though many families are suffering impoverishment, particularly the more socioeconomically deprived. As mentioned by McKee et al. (12) , the argument for public investment applies now more than ever.
The aim of this study was to analyse SEP-related inequalities in the use of dental care services among individuals aged 50 years or older in European countries in 2006, and to examine the association between the degree of public coverage of dental services and the extent of inequalities, and specifically to determine whether countries with public dental care services present lower inequalities.
MATERIALS AND METHODS

Design, study population and information sources
A cross-sectional study was performed. The study population consisted of 12,364 men and 14,692 women aged ≥50 years who were living in 11 European countries (Austria, Belgium, Denmark, France, Germany, Greece, Italy, Netherlands, Spain, Sweden and Switzerland) in 2006.
Data were extracted from the second wave of the Survey of Health, Ageing and Retirement in Europe (SHARE 2006) (13), a cross-national panel database on health, socio-economic status and social and family networks of European individuals aged ≥50 years. The individuals included in this analysis consisted of a baseline sample drawn in the first wave (SHARE 2004) plus a refreshment sample drawn in the second wave; to deal with problems of unit non-response and sample attrition, SHARE provides calibrated weights (which depend on the household design weight and the respondent's calibration variables). In the latest version of the SHARE database (Release 2.5.0: May 24 th , 2011), these weights were still not available for Ireland, so this country was excluded from the study.
Variables
Dependent variable-The dependent variable was use of dental care services, assessed using the question, 'During the last twelve months, have you seen a dentist or a dental hygienist? (visits for routine controls, dentures and stomatology consultations included): Yes; No'.
Independent individual variables-
The main individual independent variable was socio-economic position, assessed through the maximum education level achieved and coded according to the 1997 International Standard Classification of Education (ISCED-97), which facilitates international comparisons (14) . The categories of this variable were: Preprimary education (0); Primary or first stage of basic education (1); Lower secondary or second stage of basic education (2); Upper secondary education (3); Post-secondary, nontertiary education (4); First stage of tertiary education (5) ; and Second stage of tertiary education (6) . In order to have sufficient numbers in each category and country, some categories were combined, as follows: Lower secondary education or lower (0,1,2); Upper secondary or Post-secondary education (3, 4) and Tertiary education (5, 6) .
Other individual-level variables analysed as possible confounders were: age (as a continuous variable, or grouped into 5-year categories for the purposes of standardising); and chewing ability, assessed using the question, 'Can you bite and chew on hard foods, such as a firm apple, without difficulty? (Yes; No)'. This variable was used to account for differences in dental care needs between socio-economic groups.
Independent contextual variable-Data on the degree of public dental care coverage in each country during 2006 (the year for which survey data is available) were obtained by a review of the literature. Principally, we used the WHO/Europe Health system reviews (HiTs) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) , which are country-based reports created by the European Observatory on Health Systems and Policies that provide a detailed description of each European health care system. To cover gaps in the information on dental care, we also used a review on Oral Healthcare Systems published in 2004 (11) . Three of the authors (LP, MCO and CB) independently reviewed all documents and classified each country according to the degree of public dental care coverage. Dental care was considered to be partially covered if curative services were covered by the public health system, either through coinsurance or reimbursement, and not covered if none of the services, or only emergencies, were covered by the public health system. None of the countries considered had complete coverage of dental care services (see appendix 1). After sharing and discussing the findings of this review, some discrepancies persisted regarding coverage in Eastern European countries, probably because a transition from the old public dental care system to an insurance-based dental care model was underway, and resources available for the new health care sector were relatively limited compared to the treatment needs of the populations (28, 29) . Thus, the two Eastern European countries that participated in SHARE (Czech Republic and Poland) were excluded from the analysis.
Data analysis
All analyses were performed separately for men and women and weights derived from the sample design and from the non-response pattern were used in all calculations.
For each country, the age-standardised prevalence of visits to the dentist was calculated for each educational level using the direct method (30) . The age-standardised prevalence of visits to the dentist was also calculated according to educational level and chewing ability. The Relative Index of Inequality (RII) and the Slope Index of Inequality (SII) (31) were computed as measures of SEP inequality. This required previous conversion of the SEP marker variable (educational level) to a scale variable (values from 0 to 1) measuring, for each category, the cumulative proportion of the population that has a lower position in the hierarchy (31) . Age-adjusted robust Poisson regression models (32) were fitted to test for association between having visited the dentist and the SEP scale variable, which was introduced as a continuous variable. The RII corresponds to the exponent of the coefficient for education, while the SII corresponds to the difference in the estimated proportion of use between the highest and lowest educational levels. These indices can be interpreted as the prevalence ratio and the prevalence difference at the two extremes of the education level spectrum, respectively (33) .
These models were first fitted separately for each country, including an interaction term between educational level and chewing ability, to assess whether the association between SEP and the use of dental services differed as a function of the need for dental services. Inequalities between levels of education in each category of chewing ability were inferred from the models. To check whether there was a relationship between public coverage and inequalities, a model including all the countries was fitted. In these models, in addition to the interaction between educational level and chewing ability, we assessed the interaction between educational level and type of coverage to assess whether the magnitude of inequalities in use of dental care services differed according to the degree of public coverage. In these models the country was introduced as a categorical variable to adjust for its potential confounding effect.
RESULTS
Seventy-one percent of men and 63% of women were under 70 years of age and approximately 22% of men and 16% of women had tertiary level education. Approximately 17% of men and 22% of women had reduced chewing ability.
Almost 55% of respondents had visited the dentist in the previous year (table 1), and this percentage was systematically higher in better educated groups in all the countries under study and in both sexes (table 2) . This effect was most marked in the Netherlands, for example, where 76.3% of men in the highest educational level group had visited the dentist in the previous year compared to 50.3% in the lowest educational group. In women the corresponding figures were 84.8% and 56.0%. This gradient in prevalence of visits to the dentist was independent of other covariates; for example, in men with poor chewing ability from countries without dental care coverage these percentages were 31.3%, 43.7% and 54.3% for the lowest to highest educational levels, respectively; conversely, in women with normal chewing ability from countries with some degree of coverage the corresponding percentages were 56.3, 66.1 and 73.2% (table 3) .
The age-and country-standardised prevalence of dental visits appeared to be higher in countries where dental care was covered to some degree than in countries were dental care was not covered, in each of the educational levels with the exception of men in the middle category of education (table 2) . Age-and country-standardised prevalence of dental visits was also higher in individuals with normal chewing ability, compared to those with reduced chewing ability, in both sexes and all levels of education (table 3) .
Our results confirmed the existence of inequalities in the use of dental care services between educational levels in 35 out of 44 combinations of country, sex and chewing ability. In fact, inequalities were found for all countries, in at least one of the two categories of chewing ability, and in most cases in both (table 4) . For example, relative inequalities in men with poor chewing ability in countries with dental care coverage ranged from 1.11 in Sweden to 5.43 in Austria, while in countries without coverage these values ranged from 1.90 in Switzerland to 8.77 in Spain. Statistically significant interactions between educational level and public coverage, and between educational level and chewing ability were found (p-value<0.001 in both cases and both sexes). Inequalities between educational levels were higher in countries where dental care was not covered than in countries where dental care was covered to some degree. For example, men with normal chewing ability who lived in countries with dental care coverage had a RII of 1.39 (95%CI: 1.29-1.51) while those from countries without coverage had a RII of 1.96 (95%CI: 1.72-2.23). Women with poor chewing ability who lived in countries with dental care coverage had a RII of 2.15 (95%CI: 1.82-2.52), while those from countries without coverage had a RII of 3.02 (95%CI: 2.47-3.69). Nonetheless, confidence intervals overlapped in individuals with poor chewing ability. In addition, socio-economic inequalities were statistically significantly higher in individuals with decreased chewing ability than in those with normal chewing ability (table 4, figure 1 ). For example, in countries where dental care was not covered, women with normal chewing ability and a higher SEP were 1.93 times (95%CI: 1.70-2.18) more likely to have seen a dentist than those with lower SEP, while women with poor chewing ability and a higher SEP were 3.02 times (95%CI: 2.47-3.69) more likely to have seen a dentist than those with lower SEP.
The absolute inequalities given by the SII showed the same pattern as relative inequalities (see appendix 2).
DISCUSSION
Socio-economically advantaged older adults are more likely to have seen the dentist, independently of their chewing ability. When the degree of public dental care is taken into account, socio-economic inequalities are more pronounced in countries where dental care is not covered by the public health system than in those where it is partially covered.
Socio-economic inequalities in use of dental care services
SEP inequalities in oral health are well documented (3, 34) . These inequalities are mediated by certain health-related behaviours such as smoking, alcohol consumption or diet, and are also partly determined by others, such as access to healthy food, and to dental products and dental services (1, 4) . The role of dental services in those inequalities is unclear, with some authors finding that it has an important role (2, 35) and others finding that it has no role at all (36) .
Socio-economically disadvantaged people not only have worse oral health, but also make less use of dental services, which is consistent with previous studies that have used educational level (37) or other indicators of socioeconomic position (37) (38) (39) . In this regard, several multi-country studies have found strong socio-economic inequalities in most of the countries under study (7, 40) . Moreover, a study that was also based on SHARE data found income-related inequalities in all European countries involved in the study (8) . Our study goes one step further, in that we have measured the role of public dental care on inequalities, and have assessed the relationship between chewing ability, dental attendance and socioeconomic status.
Interaction between socio-economic position and chewing ability
A health system is equitable if it matches access or, more pragmatically, use to need, regardless of ability to pay (41) , and for this reason the use of services across different socio-economic groups must be considered in relation to their differing levels of need. Some studies of the use of dental care services have standardised or adjusted the use of these services by oral health status; however, this implies the assumption that the relationship between the use of dental care services and socio-economic position does not vary with level of need. In this study, however, we have observed an interaction between socio-economic position and chewing ability that shows that the relationship between the use of dental services and socio-economic position is stronger among individuals with greater health care needs. A previous study observed an interaction between disadvantaged socio-economic status and seeking dental care in relation to self-rated oral health (38), and as both studies are cross-sectional, the conclusions would be similar. We have hypothesised that this may occur because individuals with reduced chewing ability may also have fewer teeth and thus be less likely to perceive a need for dental services (42) . This may be particularly true among socio-economically disadvantaged groups.
Association between public dental care coverage and SEP inequalities
As far as we are aware, no studies have been published that have specifically evaluated the association between public dental care coverage and socio-economic inequalities in dental attendance. It has been found that being covered by a dental care model is related to dental care use in children (43) , and in fact we also saw in our study that the prevalence of dental care use was higher in countries where dental care was covered to some extent. Regarding inequalities, several Spanish studies have found that dental care, the only service not covered by the Spanish public health system, had the highest inequalities (44, 45) . A study based on data simulations found that providing the poorest people with dental insurance would substantially reduce (although not eliminate, due to the gradient in the association) inequity in the use of dental care services (39, 45) . Additionally, a study measuring inequalities after the introduction of universal coverage in Thailand (46) found that inequalities persisted mainly because of the limited scope of benefit packages in covering treatment costs, and also due to the presence of the private sector in dental care.
Health care coverage provides financial security against the costs of unexpected illness and facilitates access to treatments and preventive services (47) . In contrast, out-of pocket payments fall more on those who use these services more often, and have a disproportionate effect on people from disadvantaged socioeconomic groups (41) due to their increased health care needs. Some systems opt for protecting the most deprived, but as already discussed, the gradient of socio-economic position affects the whole of society, so this does not entirely eliminate the problem. The most equitable systems are those that offer universal care, which are financed by progressive taxes, with sufficiently high quality benefits to discourage people, especially those from the middle classes, from seeking private healthcare options, thus reducing the tendency for, in the famous words of Richard Titmuss, "a service for the poor" to inevitably become "a poor service" (48) . Within health care systems, socioeconomic inequalities in dental care seem to have become more acceptable than in other branches of medicine (2) . In addition, there is a tendency in many countries for public dental care funding to be reduced (28) . In a service in which the private sector has such an important role, and which is used mainly in a preventive way, the financial crisis and the consequent impoverishment of families, mainly the socio-economically deprived, can have devastating effects in term of inequalities. For this reason, socio-economic inequalities in oral health and the use of dental care services need to be monitored and kept in consideration.
Limitations
One of the limitations of this study is the fact that the measure of need for dental care was self-reported. However, self-reported chewing ability has been established as an important dimension of oral health and has been associated with oral health-related quality of life (49). Better educated older Europeans appear to be more likely to rate a given health state negatively (50), but this would only reassert the presence of inequalities. Another limitation of the study is its cross-sectional nature and the fact that it is subject to reverse causality. The use of health care services during the previous few months cannot have an effect on the maximum education level achieved, but having used dental services reduces the onset of chewing difficulties (51). However, we presented socio-economic inequality according to chewing ability and the relationship between socio-economic position and the use of dental services was seen in both groups. Socio-economic position is a complex construct and educational level is one way of measuring it, although it has its own limitations. However, it is among the most widely used indicators and reasons for its popularity include: ease of measurement, relevance to people regardless of age or working circumstances, applicability to persons not in the active labour force (homemakers, the unemployed and retired) and association with numerous health outcomes (52,53). For both men and women with poor chewing ability the confidence intervals of the RIIs in countries with coverage overlapped with those of countries without coverage. In the four strata studied (men and women with normal and poor chewing ability), the RIIs in countries without coverage were approximately 1.4 times higher than the RIIs in countries with coverage. For this reason we hypothesise that the smaller sample sizes in people with poor chewing ability could make intervals wider and thus overlap. Finally, multilevel models could not be used due to the limited number of countries in the study.
CONCLUSIONS
Socio-economic inequalities in the use of dental care services exist throughout Europe but are less marked in countries with some degree of public coverage. These results indicate the potential benefits of dental systems that rely on public coverage. Restorative and some surgical treatments are fully covered by the sickness insurance. For some treatments and within some sickness insurances patients contribute 10% to 20% (depending on the region). For removable prostheses patients have to pay between 25% and 50% of the costs (11) . The cost of fixed dentures is only reimbursed in exceptional cases (15) .
Belgium Partially covered
Preventive dental care and extractions are fully reimbursed (16) . Patients pay the dentist and are then reimbursed at 75% of the nationally agreed fees for restorative care, removable dentures, minor oral surgery and limited preventive care (11) . Periodontal treatment, fixed prostheses and oral implants are not covered (11) . For insured people with preferential reimbursement, all dental services are free (16) .
Denmark Partially covered
Most adults obtain oral healthcare from the private sector and a proportion of the cost of this care is refunded. The refund rates vary from 30-65% depending on the patient's age and the category of treatment (11) . Some of the payments, in particular the curative services, are covered by the regions (18) .
France Partially covered
Patients pay full fees to the dentist. The mandatory insurance system reimburses about 70% of these fees on a fee-per-item basis for all standard treatments such as extractions, conservative dentistry and prostheses as well as scaling and sealing. About 5% of the population belonging either to low-income groups or to groups without any income, benefit from free care. Most prosthodontic treatment is paid for entirely by patients (11) .
Germany Partially covered
The sick funds pay 100% of costs for examinations, radiographic investigations, fillings, oral surgery, preventive treatments for defined groups, periodontal care and endodontic treatment. Prosthetic care such as dentures, crown and bridge work attract a subsidy of 50% to 60%. Implants are not covered at all (11) .
Greece Partially covered
Three ways of receiving oral health care: dental departments of those SIFs (Social Insurance Funds) that operate polyclinics where treatment is provided free of charge; private dental practitioners contractors with a SIF that provide some treatments free of charge and some with co-payments; independent dental practitioner without any contract with a SIF, in which case patients claim back 20-30% of the costs from the SIF. The third option (reimbursement) is common practice (11) .
Italy
Not covered 95% of dentistry is provided by private practitioners. Private practise is in the most part outside any existing insurance schemes and patients pay dentists directly for their care and treatment (11) . Dental health care is guaranteed by the government for specific populations such as children (0-16 years old), vulnerable people (disabled, people with HIV, people with rare diseases) and individuals who need dental health care in some urgency/emergency cases (22) .
Netherlands Not covered
Cover is limited to dental care for children and preventive dental care for adults, in addition to specialist surgical treatment. People with a specific dental complaint, or a physical or mental handicap resulting from medical treatment, are entitled (under specific circumstances and if required) to integral dental care (23) .
Spain Not covered
Dental care for adults is excluded from public funding (25) . The public sector offers free tooth extractions (10) .
Sweden Partially covered
Within general dental insurance all types of treatment are subsidized, including prosthetics and orthodontics (11), the subsidies being fixed according to the type of treatment involved. For certain extensive dental procedures, there is a special highcost protection system for those aged 65 years or over (26) .
Switzerland Not covered
Dental treatment is covered by the compulsory health insurance only in the case of very severe and unavoidable diseases. As a result, most dental services are funded privately either by the patient or through supplementary health insurance (27) .
Slope Index of Inequality (SII) (highest education level compared to lowest) and 95% confidence intervals according to sex and chewing ability, stratified by country and type of dental care coverage.
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Relative Index of Inequality (RII) (highest education level compared to lowest) and 95% confidence intervals stratified by type of dental care coverage (partially covered and not covered), chewing ability (normal and reduced) and sex. Table 2 Number of study participants and age-standardized prevalence (%) of dental visits according to country, sex and educational level (LS=Lower Secondary, US= Upper Secondary, T=Tertiary), stratified by country and type of dental care coverage. 
